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HA, HB Hilbert . (TP-CP )
$\mathcal{E}:\mathcal{L}(\mathcal{H}_{A})arrow \mathcal{L}(\mathcal{H}_{B})$ (quantum channel) (quantum operation)
. Hilbert H , $\rho\in S(\mathcal{H}):=\{\rho\in \mathcal{L}(\mathcal{H})|\rho=$
$\rho^{*}\geq 0,\mathrm{R}[\rho]=1\}$ . state $\varphi(\cdot)=\mathrm{r}_{\mathrm{R}[\rho}$ . ] . bracket
, Hilbert $\langle$ \xi , \eta $\rangle$ . , \xi :
$\langle c\iota\xi_{1}+c_{2}\xi 2, \eta\rangle=c_{1}^{*}\langle\xi_{1},\eta\rangle+c_{2}^{*}\langle\xi 2, \eta\rangle,$
$\eta$ .
$\mathcal{E}$
$n$ ( , $\mathcal{E}^{\otimes n}$ : L(H )\rightarrow L(H@Bn)
), Hn “
” ( ) . “
? $\lim\inf_{narrow\infty}\frac{1}{n}\log\dim \mathcal{H}_{n}$ $\mathcal{E}$ $C_{q}(\mathcal{E})$
. .
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Proposition 1( [3] [4] [5])
$C_{q}( \mathcal{E})=\lim_{narrow\infty}\frac{1}{n}\max_{\Phi n}I_{c}(\rho_{n}, \mathcal{E}^{\otimes n})\rho_{n}\in S(\mathcal{H}_{A})$ (1)
, $I_{c}(\cdot, \cdot)$ coherent information [10] , $\mathcal{E}$ : $\mathcal{L}(\mathcal{H}_{A})arrow \mathcal{L}(\mathcal{H}_{B})$
$\rho_{A}\in S(\mathcal{H}_{A})$ , .
$\rho_{A}\in S(\mathcal{H}_{A})$ . Hilbert $\mathcal{H}_{R}$ $\rho_{RA}\in S(\mathcal{H}_{R}\otimes \mathcal{H}_{A})$
, $\rho_{A}=\mathrm{b}_{R}[\rho_{RA}]$ . $\rho RA$ purification,
Hilbert $\mathcal{H}_{R}$ (reference system) . rank $\rho_{RA}=1$ ,
$|\Phi_{RA}\rangle\in \mathcal{H}_{R}\otimes \mathcal{H}_{A}$ , $\rho_{RA}=|\Phi_{RA}\rangle\langle$ $\Phi_{RA}|$ . $|\Phi_{RA}\rangle$ purification
. $\rho_{RB}=(\mathcal{I}_{R}\otimes \mathcal{E})(\rho_{RA})$ ($\mathcal{I}_{R}$ : $\mathcal{L}(\mathcal{H}_{R})arrow \mathcal{L}(\mathcal{H}_{R})$ ), $\rho_{B}=\mathrm{R}_{R}[\rho_{RB}]$





“ ” . $\rho\in S(\mathcal{H}_{n})$
, : $S(\mathcal{H}_{n})arrow S(\mathcal{H}_{A}^{\otimes n})$ , $C^{n}(\rho)$
$\mathcal{E}^{\otimes n}$ . $\mathcal{E}^{\Phi n}C^{n}(\rho)$ $D^{n}$ : $S(\mathcal{H}_{B}^{\Phi n})arrow S(\mathcal{H}_{n})$
. (Cn, Dn)
.
$\mathrm{P}\mathrm{e}(C^{n},D^{n})=’\max\uparrow\rho-D^{n}\mathcal{E}^{\Phi n}C^{n}(\rho)||_{1}\rho\epsilon S(\mathcal{H}_{\hslash})$ (3)
$C_{q}(\mathcal{E})$ $\lim_{narrow\infty}\mathrm{P}\mathrm{e}(C^{n}, D^{n})=0$ $\{(C^{n},D^{n})\}_{n=1}^{\infty}$
$\lim$ i \rightarrow \infty og dim $\mathcal{H}_{n}$ . ,
(fidelity) ,
. , $\text{ }W:\mathcal{H}_{n}arrow \mathcal{H}_{A}^{\Phi n}\text{ }$




) [12] [13] . .
$\mathcal{E}$ : $\mathcal{L}(\mathcal{H}_{A})arrow \mathcal{L}(\mathcal{H}_{B})$ $S\subseteq S(\mathcal{H}_{A})$ ,
$\mathcal{R}:\mathcal{L}(\mathcal{H}_{B})arrow \mathcal{L}(\mathcal{H}_{A})$ $\forall\rho\in S,$ $\mathcal{R}\mathcal{E}(\rho)=\rho$ , $\mathcal{E}$ $S$
(reversible) . . \sim \in S(HB) \forall \rho \epsilon S, $\mathcal{E}(\rho)=\rho 0$
, E S (vanishing) .
, S , KHA
$S(\mathcal{K})=\{\rho\in S(\mathcal{H}_{A})|\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}\mathrm{o}\mathrm{r}\mathrm{t}(\rho)\subseteq \mathcal{K}\}$ . ,
$P$ $p\mathcal{H}_{A}$ .
TP-CP $\mathcal{E}$ : $\mathcal{L}(\mathcal{H}_{A})arrow \mathcal{L}(\mathcal{H}_{B})$ , Hilbert $\mathcal{H}_{E}$ $V$ :
$\mathcal{H}_{A}arrow \mathcal{H}_{B}\otimes \mathcal{H}_{E}$ $\mathcal{E}(\rho)=\mathrm{T}\mathrm{r}_{E}[V\rho V^{*}](\rho\in S(\mathcal{H}_{A}))$ (Stinespring-Kraus
110
). $V$ , $\mathcal{H}_{E}$ ONS $\{|f_{k}\rangle\}_{k}$ $E_{k}$ : $\mathcal{H}_{A}arrow \mathcal{H}_{B}$ ,
$V= \sum_{k}E_{k}\otimes|f_{k}\rangle$ : $|\psi\rangle$ $\in \mathcal{H}_{A}\mapsto\sum_{k}E_{k}|\psi\rangle$ $\otimes|f_{k}\rangle$ $\in \mathcal{H}_{B}\otimes \mathcal{H}_{E}$
, $\{E_{k}\}_{k}$ $\sum_{k}E_{k}^{*}E_{k}=1_{A}$ . $\mathcal{E}$ operator sum $\mathcal{E}(\rho)=$
$\sum_{k}E_{k\rho}E_{k}^{*}$ .
TP-CP $\mathcal{E}$ : $\mathcal{L}(\mathcal{H}_{A})arrow \mathcal{L}(\mathcal{H}_{B})$ , dual $\mathcal{E}^{*}:$ $\mathcal{L}(\mathcal{H}_{B})arrow \mathcal{L}(\mathcal{H}_{A})$ [E(\rho )X] $=$
Tr $[\rho \mathcal{E}^{*}(X)](\forall\rho\in S(\mathcal{H}_{A}), \forall X\in \mathcal{L}(\mathcal{H}_{B}))$ unital $\mathrm{C}\mathrm{P}$ . $\mathcal{E}$
Stinespring-Kraus ,
$\mathrm{R}[\mathcal{E}(\rho)X]=\mathrm{R}[?\mathrm{Y}_{E}[V\rho V^{*}]X]=\mathrm{R}[V\rho V^{*}(X\otimes 1_{E})]=\mathrm{R}[\rho V^{*}(X\otimes 1_{E})V]$
E*(X)=V\sim X\otimes lE)V . Stinespring\tilde Kraus
. , F:L(HA)\rightarrow L(HE) F(\rho )=TrB[V\rho V\tau ] .
.
Theorem 1 $\mathcal{E}$ : $\mathcal{L}(\mathcal{H}_{A})arrow \mathcal{L}(\mathcal{H}_{B})$ , Hilbert $\mathcal{H}_{E}$
$V$ : $\mathcal{H}_{A}arrow \mathcal{H}_{B}\otimes \mathcal{H}_{E}$ Stinespring-Kraus . $P$ $\mathcal{H}_{A}$
, E S(pHA) . .









, , . unital CP T:
$\mathcal{L}(\mathcal{H}_{B})arrow \mathcal{L}(\mathcal{H}_{A})$ ,
$A\tau=\{X\in L(\mathcal{H}_{B})|T(X^{*})T(X)=T(X^{*}X), T(X)T(X^{*}\rangle=T(XX^{*})\}$
$*$-algebra , multiplicative domain . $T$ Steinspring-Kraus $T(X)=$
$V^{*}(X \otimes 1_{E})V=\sum_{k}E_{k}^{*}XE_{k}\text{ }$ , multiplicative domaln
$A_{T}=\{X\in \mathcal{L}(\mathcal{H}_{B})|X\otimes 1_{E}\in\{VV^{t}\}’\}=\{E_{k}E_{l}^{*}|k, l\}’$
[14]. (i) $\{q\}’\wedge \mathcal{M}$ , $\mathcal{E}$ $\mathcal{L}(p\mathcal{H}_{A})$ dual $(\mathcal{E}|c(p\mathcal{H}_{A}))^{*}$
multiplicative domain . ,
. normal TP.CP . .
proof.$\cdot$ $(\mathrm{i})\Leftrightarrow(\mathrm{i}\mathrm{i})$ : $N=\{q\}\vee \mathcal{M}’$ $N’=\{q\}’\wedge \mathcal{M}$ , $q\in N$ $(N_{q})’=(N’)_{q}$
. .
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$(\mathrm{i}\mathrm{i})\Leftrightarrow(\mathrm{i}\mathrm{i}\mathrm{i})\wedge\prime q\mathcal{K}$ $(\{q\}\vee \mathcal{M}’)_{q}=(q\mathcal{M}’q)’’$ .
.
$(\mathrm{i}\mathrm{i}\mathrm{i})\Leftrightarrow(\mathrm{i}\mathrm{v}):Vp$ $p\mathcal{H}_{A}$ $q\mathcal{K}$ $\mathrm{B}$) , $(\mathrm{i}\mathrm{i}\mathrm{i})\Leftrightarrow pV^{*}\mathcal{M}’Vp=\mathbb{C}p$
. $\mathcal{M}’=1_{E}\otimes \mathcal{L}(\mathcal{H}_{E})$ ,
$pV^{*} \mathcal{M}’Vp=\{\sum_{k,l}p(E_{\dot{k}}\otimes\langle f_{k}|)(1_{B}\otimes \mathrm{Y})(E_{l}\otimes|f[\rangle)p|\mathrm{Y}\in \mathcal{L}(\mathcal{H}_{E})\}$
$= \mathrm{t}\sum_{k,l}c_{k\iota}pE^{*}Ek\mathrm{t}p|c_{k\downarrow\in \mathbb{C}\}}$
. .
$(\mathrm{i})\Rightarrow(\mathrm{v})$ : $N=\{q\}\vee \mathcal{M}’$ , Z( $N$ center, $z(q)\in$ Z( $q$ central
support . $\mathcal{Z}(N)\subseteq N’=\{q\}’$ AMM , *-
$\mathcal{L}(p\mathcal{H}_{A})arrow \mathcal{L}(q\mathcal{K})=N_{q}’arrow N_{z(q)}’\subseteq \mathcal{M}$
. $\pi$ : $X\in \mathcal{L}(p\mathcal{H}_{A})arrow\pi(X)\otimes 1_{E}\in \mathcal{M}$ . $\pi$ $\mathrm{C}\mathrm{P}$ .
$\forall X\in \mathcal{L}(p\mathcal{H}_{A}),$ $VXV^{*}=(\pi(X)\otimes 1_{E})q$
, $q=(\pi(p)\otimes 1_{E})q$ , $((1-\pi(p))\otimes 1_{E})q=0$ .
suPport projection $s(\varphi)=1-p$ $\mathcal{L}(\mathcal{H}_{A})$ $\varphi$ , $T:\mathcal{L}(\mathcal{H}_{A})arrow \mathcal{L}(\mathcal{H}_{B})$
.
$T(X)=\pi(pXp)+\varphi(X)(1-\pi(p))$
$T$ unital $\mathrm{C}\mathrm{P}$ , $\forall\rho\in S(p\mathcal{H}_{A})$ $\forall X\in \mathcal{L}(\mathcal{H}_{A})$ .
$\mathrm{D}[\mathcal{E}(\rho)T(X)]=\mathrm{R}[V\rho V’(T(X)\otimes 1_{E})]$
$=\mathrm{R}[V\rho V^{*}(\pi(pXp)\otimes 1_{E})q]+\varphi(X)\mathrm{R}[V\rho V^{t}((1-\pi(p))\otimes 1_{E})q]$
$=\mathrm{R}[V\rho V^{*}VpXpV^{*}]$
$=^{r}\mathrm{R}[\rho X]$
, $R=T^{*}$ $\forall\rho\in S(p\mathcal{H}_{A}),$ $\mathcal{R}\mathcal{E}(\rho)=\rho$ .
$(\mathrm{v})\Rightarrow(\mathrm{i})$ : TP-CP $\mathcal{R}$ : $\mathcal{L}(\mathcal{H}_{B})arrow \mathcal{L}(\mathcal{H}_{A})$ , $\forall\rho\in S(p\mathcal{H}_{A}),$ $\mathcal{R}\mathcal{E}(\rho)=\rho$
,
$\mathrm{T}\mathrm{r}[V\rho V^{*}VXV^{*}]=\mathrm{b}[\rho X]=\mathrm{n}[\mathcal{R}\mathcal{E}(\rho)X]=\mathrm{n}[\mathcal{E}(\rho)\mathcal{R}^{*}(X)]=\mathrm{R}[V\rho V^{*}(\mathcal{R}^{*}(X)\otimes 1_{E})]$
, $\forall\rho\in S(p\mathcal{H}_{A}),$ $\forall X\in \mathcal{L}(\mathcal{H}_{A})$ . , $\forall X\in \mathcal{L}(p\mathcal{H}_{A})$
$q(\mathcal{R}^{*}(X)\otimes 1_{E})q=qVXV^{*}q=VXV’$
. $\mathcal{R}^{*}(X^{*})\mathcal{R}^{*}(X)\leq \mathcal{R}^{*}(X^{*}X)$ ,
$VX^{*}XV^{*}=q(\mathcal{R}^{*}(X^{*})\otimes 1_{E})q(\mathcal{R}^{*}(X)\otimes 1_{E})q$





$\forall X\in \mathcal{L}(p\mathcal{H}_{A}),$ $q(\mathcal{R}^{*}(X)\otimes 1_{E})q=(\mathcal{R}^{*}(X)\otimes 1_{E})q$
, $\forall X\in \mathcal{L}(p\mathcal{H}_{A})$ $R^{*}(X)\otimes 1_{E}$ $q$ .
.
$\mathcal{L}(q\mathcal{K})=V\mathcal{L}(p\mathcal{H}_{A})V^{l}=(\mathcal{R}^{*}(\mathcal{L}(p\mathcal{H}_{A}))\otimes 1_{E})q\subseteq(\{q\}’\wedge \mathcal{M})_{q}$
$(\{q\}’\wedge \mathcal{M})_{q}\subseteq \mathcal{L}(q\mathcal{K})$ .
$(\mathrm{i}\mathrm{i}\mathrm{i})\Leftrightarrow(\mathrm{v}\mathrm{i})$ : (iii) $q(1_{B}\otimes \mathcal{L}(\mathcal{H}_{E}))q=\mathbb{C}q$ , $\mathcal{L}(\mathcal{H}_{E})$ $\varphi 0$
,
$\forall \mathrm{Y}\in L(\mathcal{H}_{E}),$ $q(1_{B}\otimes \mathrm{Y})q=\varphi \mathrm{o}(\mathrm{Y})q$
. $\forall\rho\in S(p\mathcal{H}_{A}),$ $\forall \mathrm{Y}\in \mathcal{L}(\mathcal{H}_{E})$ ,
$\mathrm{n}[F(\rho)\mathrm{Y}]=\mathrm{h}[V\rho V^{*}(1_{B}\otimes \mathrm{Y})]=\mathrm{h}[V\rho V^{*}q(1_{B}\otimes \mathrm{Y})q]=\varphi_{0}(\mathrm{Y})\mathrm{n}[V\rho V^{*}q]=\varphi_{0}(\mathrm{Y})$






$\mathcal{X}$ Hilbert $\mathcal{H}$ $F:x\in \mathcal{X}rightarrow\rho_{x}\in S(\mathcal{H})$
X (x) $\}$ x\in X . F
,
. $n$ – :.
$F^{n}$ : $x^{n}=(x_{1},x_{2}, \ldots,x_{n})\in \mathcal{X}^{n}rightarrow\rho_{x^{\mathfrak{n}=\rho_{x_{1}}\otimes\rho_{x_{2}}\otimes\cdots\otimes\rho_{x_{\hslash}}\in S(\mathcal{H}^{\otimes n})}}$ (4)
$p^{n}(x^{n})=p(x_{1})p(x_{2})\ldots p(x_{n})$
, $\sigma_{n}=E_{p^{n}}[\rho_{x^{n}}]$ . $\sigma=E_{p}[\rho_{x}]$ $\sigma_{n}=\sigma^{\otimes n}$
. , Xn {xr, $x_{2}^{n},$ $\ldots,$ $x_{L_{\hslash}}^{n}$ } $\subseteq \mathcal{X}^{n}\text{ }$ ,
$\frac{1}{L_{\hslash}}\sum_{l=1}^{L_{n}}\rho_{x_{l}^{n}}$
$\sigma_{n}$ , “ ” .
Ln – ( ), xr
. Ln




. $n=1,2,$ $\ldots$ , $\mathcal{X}^{(n)}$ HUbert $\mathcal{H}^{n}$
$F^{n}$ : $x^{n}\in \mathcal{X}^{(n)}rightarrow\rho_{x^{n}}\in S(\mathcal{H}^{n})$ , $\{p^{n}(x^{n})\}_{x^{n}\in \mathcal{X}^{(n)}}$
113
, $F=\{F^{n}\}_{n=1}^{\infty},$ $p=\{p^{n}(\cdot)\}_{n=1}^{\infty}$ . $n$
– (4) , $\mathcal{X}^{(n)}$ $\mathcal{X}^{n}$
. $\sigma_{n}=E_{p^{n}}[\rho_{x^{n}}]$ . $R$ , $L_{n}$
$\{x_{1}^{n}, \ldots, x_{Ln}^{n}\}\subset\chi n(n=1,2, \ldots)$ ,
$\lim_{narrow}\sup_{\infty}\frac{1}{n}\log L_{n}\leq R$ (5)
$\lim_{narrow\infty}||\frac{1}{L_{n}}\sum_{l=1}^{\iota_{n}}\rho_{x_{l}^{n}}-\sigma_{n}||_{1}=0$ (6)
, $R$ achievable . resolvability $C_{r}(p,F)$
achievable $R$ . resolvability
C7(p,F) , .
$A$ $a\in \mathrm{R}$ $\{A>a\}:=s((A-a)_{+})$ (
) . , Hilbert $\mathcal{H}^{n}$ $\sigma_{n}$ . $\sigma_{n}>0$
. re801 bi1ity .
$l(\mathrm{p},F)$ $:= \sup\{a\in \mathrm{N}|\lim_{narrow\infty}E_{p^{n}}?\mathrm{Y}[\rho_{x^{n}}\{\rho_{x^{n}}-e^{na}\sigma_{n}>0\}]=1\}$ (7)
$\overline{I}(p,F)$ $:= \inf\{a\in \mathrm{R}|\lim_{narrow\infty}E_{\mathrm{p}^{n}}\mathrm{R}[\rho_{x^{n}}\{\rho_{x^{n}}-e^{na}\sigma_{n}>0\}]=0\}$ (8)
$\underline{I}_{BS}[\mathrm{p},F)$ $:= \sup\{a\in \mathbb{R}|\lim_{narrow\infty}E_{p^{n}}$ Tr $[\rho_{x^{n}}\{\rho_{x^{n}}^{1/2}\sigma_{n}^{-1}\rho_{x^{n}}^{1/2}>e^{n\mathrm{n}}\}]=1\}$ (9)
$\overline{I}_{BS}(\mathrm{p},F):=\inf\{a\in \mathrm{R}|\lim_{narrow\infty}E_{p^{n}}\mathrm{R}[\rho_{x^{n}}\{\rho_{x^{\iota}}^{1/2},\sigma_{n}^{-1}\rho_{x^{n}}^{1/2}>e^{na}\}]=0\}$ (10)
.
Theorem 2 $R>\overline{I}_{BS}(p,F)$ $R$ achievable . ,
$\overline{I}_{BS}(p,F)\geq C_{r}(p,F)$ (11)
resolvability – , . –
(4) , (11) , Hilbert
.
– (4) , (9) (10) .
$\overline{I}_{BS}(p,F)=\underline{I}_{BS}(p,F)=I_{BS}(p):=E_{p}$ Tr $[\rho_{x}\log(\rho_{x}^{1/2}\sigma^{-1}\rho_{x}^{1/2})]$ (12)
- [15] [16] [17] , (7) (8) .
$\overline{I}(p,F)=\underline{I}(p,F)=I(p):=E_{p}D(\rho_{x}||\sigma)$ (13)
, $D(\rho||\sigma):=\mathrm{n}$[$\rho(\log\rho$ –log\mbox{\boldmath $\sigma$})] , I(p) Holevo
. – I(p)\geq Cr .
IBS(P)\geq I(p) [15], (11) .
$\rho_{x}^{n}$ $\sigma_{n}$ , $\underline{I}(p,F)=L_{BS}[p,F),$ $\overline{I}(p,F)=\overline{I}_{BS}(p,F)$
. , \rho xn .
– (4) , (12) (13) .
, (7)\sim (10) , ,
114
, ( ) . ,
(7)\sim (10) – , ( )
( ) .
.
Proof: Shannon . $x_{l}^{n}\in \mathcal{X}^{n}(l=$
1,2, .. . , Ln) , pn , ,
$\lim_{narrow\infty}E||\frac{1}{L_{n}}\sum_{l=1}^{L_{\hslash}}\rho_{x_{l}^{n}}-\sigma_{n}||_{1}=0$ (14)
, $\{x_{1}^{n}, \ldots, x_{L_{n}}^{n}\}\subset \mathcal{X}^{n}(n=1,2, \ldots)$
(6) . , $R>\overline{I}_{BS}(p,F)$ . $L_{n}=\lfloor e^{nR}\rfloor$ , (5) ,
(14) .








. , Schwwartz .
$E_{\mathrm{p}^{n}}||\rho_{x^{n}}^{1/2}q_{x^{n}}^{\perp}\rho_{x^{n}}^{1/2}||_{1}\leq E_{p^{n}}||\rho_{x^{n||\begin{array}{l}1/22\end{array}||q_{x^{n}}^{\perp}\rho_{x^{n}}^{1/2}||_{2}^{1/2}\leq E_{p^{\mathfrak{n}}}(\mathrm{R}[\rho_{x^{n}}q_{x^{n}}^{\perp}])^{1/2}\leq(E_{p^{n}}\mathrm{R}[\rho_{x^{n}}q_{x^{n}}^{\perp}])^{1/2}}}^{1/2}$
,
$E||_{\Gamma_{n}^{1}} \sum_{l=1}^{L_{n}}\rho_{x_{l}^{\mathfrak{n}}}-\sigma_{n}||_{1}\leq E||\mathrm{r}_{\hslash}^{1_{-\sum_{l=1}^{L_{\hslash}}\rho_{x_{l}^{n}}^{1/2}q_{x_{l}^{n}}\rho_{x_{\iota}^{n}}^{1/2}-\tau_{n}||_{1}+2(E_{p^{n}}\mathrm{n}[\rho_{x^{n}}q_{x^{\mathfrak{n}}}^{\perp}])^{1/2}}}$ (15)
$R>a>\overline{I}_{BS}(p)$ $a$ ,
$q_{x^{n}}=1_{\mathcal{H}^{\mathfrak{n}-}}\{\rho_{x^{n}}^{1/2}\sigma_{n}^{-1}\rho_{x^{n}}^{1/2}>e^{na}\}=\{\rho_{x^{n}}^{1/2}\sigma_{n}^{-1}\rho_{x^{n}}^{1/2}\leq e^{na}\}$ (16)
. $7_{BS}(p)$ (10) $a>\overline{I}_{BS}(p)$ ,
$\lim_{narrow\infty}E_{\mathrm{p}^{n}}\mathrm{n}[\rho_{x^{n}}q_{x^{n}}^{\perp}]=\lim_{narrow\infty}E_{p}\neg$ ” Tr $[\rho_{x^{n}}\{\rho_{x^{n}}^{1/2}\sigma_{n}^{-1}\rho_{x^{\backslash }}^{1/2},>e^{na}\}]=0$
. , (15) n\rightarrow 0 .






, $k,$ $l=1,2,$ $\ldots,$ $L_{n}$
$E[(\rho_{x_{k}^{n}}^{1/2}q_{x_{k}^{n}}\rho_{x_{k}^{\mathfrak{n}}}^{1/2}-\tau_{n})(\rho_{x_{l}^{n}}^{1/2}q_{x_{l}^{n}}\rho_{x_{l}^{n}}^{1/2}-\tau_{n)]}=\delta_{k,l}E_{p^{n}}[(\rho_{x^{n}}^{1/2}q_{x^{n}}\rho_{x^{n}}^{1/2}-\tau_{n})^{2}]$





’ (16) . $L_{n}=\lfloor e^{nR}\rfloor$ $R>a$ , $narrow\infty$
$0$ . (14) .
5 –
, , –
. 2 – . $n=1,2,$ $\ldots$
Hilbe $\mathcal{H}_{A}^{n}$ $\mathcal{H}_{B}^{n}$ $\mathcal{E}^{n}$ : $\mathcal{L}(\mathcal{H}_{A}^{n})arrow \mathcal{L}(\mathcal{H}_{B}^{n})$
, $\mathcal{E}=\{\mathcal{E}^{n}\}_{n=1}^{\infty}$ . 2 , “
” Hilbert , “ ’




, $\{1, \mathit{2}, \ldots, M_{n}\}(n=1,2, \ldots)$ .
,
. “ ’ “
” $\lim\inf_{narrow\infty}\frac{1}{n}$ lcg $M_{n}$ , $C_{\mathrm{c}q}(\mathcal{E})$
. .
Proposition 2 (Hayashi-Nagaoka [18])
$C_{\mathrm{c}q}( \mathcal{E})=\sup_{\mathrm{p}}\underline{I}(p,\mathcal{E})$ (18)
. $\sup$ $S(\mathcal{H}_{A}^{n})$ $p^{n}$ $p=\{p^{n}\}_{n=1}^{\infty}$ , $\underline{I}(p,\mathcal{E})$ (7)
. ( , $\underline{I}(p,\mathcal{E})$ “achievable”
. )
$n=1,\mathit{2},$
$\ldots$ , $\mathcal{E}^{n}$ Stinespring-Kraus Hilbert
$\mathcal{H}_{E}^{n}$ , $V_{n}$ : $\mathcal{H}_{A}^{n}arrow \mathcal{H}_{B}^{n}\otimes \mathcal{H}_{E}^{n}$ . . $\mathcal{E}^{n}(\rho)=\mathrm{R}_{\mathcal{H}_{E}^{n}}[V_{n}\rho V_{n}^{*}]$
. , : $\mathcal{L}(\mathcal{H}_{A}^{n})arrow \mathcal{L}(\mathcal{H}_{E}^{n})$ $\mathcal{F}^{n}(\rho^{\rho})=\mathrm{T}\mathrm{r}_{\mathcal{H}_{B}^{n}}[V_{n}\rho V_{n}^{*}]$ ,
$F=\{\mathcal{F}^{m}\}_{n=1}^{\infty}$ . , Devetak [4] ,





, $\sup$ $S(\mathcal{H}_{A}^{n})$ $p^{n}$ P $=\{p^{n}\}_{n=1}^{\infty}$ , $\underline{I}(p,\mathcal{E}),$ $\overline{I}_{BS}(p,F)$
(7) (10) .
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